Abstract. Long English cucumber (Cucumis sativus L.) plants were treated with one of three nutrient concentrations in combination with two fruit thinning treatments forming a 3 × 2 factorial greenhouse experiment. High nutrient concentration enhanced fruit color at harvest and prolonged shelf life but reduced marketable fruit per plant. Thinning of one-third of the fruit from the main stem and laterals had a similar effect. Cucumbers harvested from the upper canopy generally had longer shelf life than those from the lower canopy. Shelf life was correlated with fruit color at harvest.
thinning regimes. The greenhouse was divided into nine plots with six plants per plot. Each plot received one randomly assigned nutrient concentration (three plots per nutrient concentration) and contained three thinned and three nonthinned plants.
The standard nutrient solution was based on the Nursery, Greenhouse Vegetables and Ornamental Production Guide for Commercial Growers (B.C. Min. of Agriculture and Fisheries Production Guide, 1988) and consisted of 14.45 NO, ,1.47 PO , 4.94 K+, 5.49 Ca +2 , 2.66 Mg +2 , and 2.66 in millimolar concentrations. The high, medium, and low nutrient concentrations were 150%, 100%, and 50% of the standard solution, respectively. These three nutrient solutions contained the same micronutrient concentrations of 18.8 Fe, 5.5 Mn, 0.9 Zn, 0.2 Cu, 18.1 B, and 0.1 Mo, in micromolar concentrations. The final pH was adjusted to 6.3 to 6.6 with H 2 SO 4 . The electrical conductivity (EC) was measured with a conductance meter (YSI Model 32 Yellow Springs Instrument Co., Yellow Springs, Ohio). The average EC values, taken once a week over the experiment, were 2.81, 1.95, and 1.23 mS·cm -1 , in high, medium, and low nutrient solutions, respectively. All plants were irrigated with the same frequency and duration (200 ml/plant every 1 to 2 h, depending on prevailing light levels).
Starting from the ninth node of the main stem, nonthinned plants were allowed to bear one fruit per node. Thinned plants retained one fruit on two out of every three nodes, giving rise to a 30% reduction in fruit load compared with nonthinned plants. In both treatments, laterals were removed from these nodes. Fruit on the main stem were labelled with their node position, increasing from the bottom to the top of the canopy. Aborted and young deformed fruit were removed when apparent. Plants were topped at 2 m and allowed to grow one side shoot on each side. On each side shoot, the two first laterals were allowed to develop in thinned plants, and the three first laterals in nonthinned plants. Laterals were not fruit-thinned. Hence, the 30% difference in fruit load between treatments (originating from main stem fruit thinning) was maintained by a difference in the number of laterals rather than fruit count per lateral. When all fruit on a first lateral were harvested, a secondary lateral was allowed to replace the corresponding first lateral. All laterals were terminated 60 cm above the ground. Fruit on the first and second laterals were also labelled with node position increasing chronologically (in this case, node position increased from the top to the bottom of the canopy). Each fruit was tagged with date of anthesis. Fruit of marketable size (minimum 35.0 cm long and 4.3 em in diameter) were harvested three times a week and averaged 35 to 40 cm long. Date of harvest, fresh weight, and fruit color at harvest were recorded for each fruit. A color photograph of nine cucumbers ranging from entirely yellow (score = 1) to completely dark green (score = 9) was used as a standard to visually assess fruit color at harvest.
Each harvested fruit was placed individually in a perforated polyethylene tube (48 × 13 cm) with one end open. These tubes were used to prevent moisture loss but were not intended to modify the air composition around the fruit. Fruit were stored at 13.5C and 90% to 95% relative humidity for 3 weeks and observed every 2 days for incipient yellowing. Days to harvest was defined as days between anthesis and harvest, and shelf life as days between harvest and occurrence of incipient yellowing (color rating of 5).
A randomized complete-block design was used and analysis of variance was conducted for main effects and interactions using SAS statistical package (SAS Institute, Cary, N.C.). Shelf life was correlated with fruit color, days to harvest, and fresh weight, using a stepwise regression procedure. Level of significance is indicated when appropriate.
The highest nutrient concentration improved fruit color at harvest and the subsequent shelf life (Table 1) . Fruit thinning improved shelf life and, to a lesser extent, improved the fruit color at harvest. High nutrient concentration and fruit thinning both reduced the days to harvest and marketable fruit per plant.
With individual fruit (n = 1529 fruits), shelf life was positively correlated with fruit color at harvest (r = 0.48, P = 0.0001), and negatively correlated with days to harvest (r = -0.34, P = 0.0001). The shelf life was not correlated with fresh weight at harvest (r = -0.01, P = 0.7051). Fruit color at harvest was indicative of potential shelf life, accounting for 23% of variability in shelf life (Table 2) .
Fruit shelf life increased with nodal position (node number) on the main stem ( Fig.  1) , fluctuated on the first laterals, and decreased on the second laterals.
Greenhouse production conditions affected postharvest shelf life of long English cucumbers. Shelf life, based only on surface color, was increased by a high macronutrient concentration, probably through enhanced fruit color at harvest. Increasing the macronutrient concentration increased solution EC, which has been reported to result in longer shelf life in cucumber (Aalbersberg, 1984) . The high EC of nutrient solutions also has been noted to improve other aspects of fruit quality, such as flavor and percentage dry matter in tomato (Ehret and Ho, 1986; Mizrahi et al., 1988) . The overall concentration of nutrient solutions influences cytokinin level (Kuiper et al., 1989) , which is well known to affect chlorophyll concentrations. Chlorophyll synthesis and retention are enhanced by high N concentration (Epstein, 1972; Leopold and Kriedemann, 1975) .
Thinned plants produced fewer fruit with a longer shelf life, suggesting a possible role for plant source/sink relationships. Schapendonk and Challa (1980) illustrated the relationship between sink activity of cucumber fruit and source activity of leaves. An increased source: sink ratio may facilitate longer shelf life through an increased fruit growth rate, since days to harvest was found to be inversely related to shelf life (Lin, 1989) . Fruit thinning was intended to reduce marketable yield by one-third. However, the difference in marketable yield between thinned and nonthinned treatments was only 10%. This lessening of the difference was probably due to the high rates of self-thinning (fruit abortion) and fruit curling on nonthinned plants, which would reduce the number of marketable fruit and result in less-than-expected differences between treatments.
The physiological age of cucumber fruit appears to have a strong influence on shelf life as shown by the negative correlation between shelf life and days to harvest (Table  2) . Kanellis et al. (1986) also reported that postharvest shelf life declined with increasing age at which the fruit was harvested. It would be reasonable to hypothesize that any factors that allow rapid fruit growth would result in younger fruit at harvest with longer shelf life. The present experiment was not specifically designed to answer this question. The results obtained in this experiment, however, seem to support this probability. Both high nutrient concentration and fruit thinning reduced the number of marketable fruit, reduced days to harvest (i.e., promoted rapid growth), and increased shelf life (Table  1) .
Shelf life varied among cucumbers harvested from the different nodal locations in the plant canopy. This might have been due to the light conditions under which fruit developed. Cucumbers harvested from the top of the main stem and second laterals had longer shelf life than those harvested from the bottom of the canopy. However, this relationship was not observed with fruit harvested from the first laterals. In addition, there was no consistent relationship between shelf life and prevailing light during which these fruit developed (data not shown), demonstrating the difficulty in relating seasonal light conditions to shelf life on a chronological basis.
Fruit color at harvest was indicative of potential shelf life. The relationship between shelf life and fruit color at harvest may be commercially useful in the prediction of the duration of fruit marketability. For example, dark green fruit at picking may not have to be moved through the warehousing and distribution systems as quickly as paler fruit. Conversely, light green fruit should be marketed shortly after harvest.
This study illustrates that the quality of long English cucumbers can be improved through elevated fertilizer concentrations and reduced fruit load per plant, but at the expense of yield. Manipulation of the level of fertilization may be useful in meeting the specific production demands of either high yield or high quality.
